ABSTRACT -The "maize common mosaic", caused by potyvirus, is among the major virus diseases of this crop in Brazil. Although there were evidences indicating Sugarcane mosaic virus (SCMV) as the most common potyvirus species in maize (Zea mays L.) in Brazil, information about those species that infect sorghum plants [Sorghum bicolor (L.) Moench] are few. Leaves showing characteristic mosaic symptoms were collected from maize and sorghum and used in serological and sequencing analysis of the coat protein (CP) gene for potyvirus species identification. Amino acid (aa) analysis of the CP N-terminal sequence of our samples showed a different repeated sequence, a higher content of the dipeptide GT, and a 15 aa longer than the majority of the SCMV sequences used for comparisons. The Brazilian maize and sorghum potyviruses formed a monophyletic group, suggesting that they can be classified within a new SCMV strain. Studies using potyvirus CP gene sequencing from Brazilian sorghum potyvirus have been reported for the first time. Key words: coat protein, N-terminal, potyvirus, serological tests, Sorghum bicolor (L.) Moench, Sorghum sudanense, Sorghum verticilliflorum, Zea mays L.
The disease "maize common mosaic" caused by potyvirus is among the major virus diseases of this crop in Brazil (Waquil et al., 1996; Souza et al., 2005; Gonçalves et al., 2011) . Six potyviruses species have been identified worldwide, causing mosaic symptoms in a variety of grain crops and grasses, including:
Sugarcane mosaic virus (SCMV), Sorghum mosaic virus (SrMV), Maize dwarf mosaic virus (MDMV),
Johnsongrass mosaic virus (JGMV) (Shukla et al., 1994) , Zea mosaic virus (ZeMV) (Sheifers et al., 2000) , and Pennisetum mosaic virus (PenMV) (Denget al., 2008) . There are evidences that SCMV is the most common virus causing mosaic in maize (Zea mays L.) in Brazil (Melo, 2000; Melo et al., 2000; Souza et al., 2005; Gonçalves et al., 2011) .
However, information about the potyvirus species infecting sorghum [Sorghum bicolor (L.) Moench] in
Brazil are few.
Potyvirus particles are flexuous rods, 680-900 nm long and 11-15 nm wide with a genome consisting of single stranded, positive sense RNA . Members of this genus infect several cultivated and weed Poaceae species (Shukla et al., 1994; Almeida et al., 2000) . The potyviruses are transmitted in a nonpersistent manner by many aphid species and the most efficient vector in maize crop is Rhopalosiphum maidis L. (Hemiptera: Aphididae) (Edwardson & Christie, 1991) .
One of the factors that influence the dissemination of this virus is the overlapping cycles of maize crop. In Brazil, the second maize cropping season (known as "safrinha"), which is sown from January to March (Cruz et al., 2010) , the off-season maize crop cultivation (under irrigation), and the main growing season are responsible for the maize crop overlapping (Waquil et al., 1996; Gonçalves et al., 2007a) . This condition, associated with the large number of hosts (Edwardson & Christie, 1991) , contributes to the maintenance of the inoculum in the field.
Studies to identify the potyvirus infecting maize in Brazil are recent and have shown through CP gene sequencing that SCMV was present and tests: SCMV (MDMV-B), MDMV-A, SrMV, JGMV and antisera for MDMV-Arg (Lenardon & Giolitti 1999 ) and SCMV-Arg (Lenardon & Giolitti, 2004) were obtained from IFFIVE-INTA (Argentina) and SCMV-USA (kindly provided by D.T. Gordon, Department of Plant Pathology, Ohio State University).
Three hundred milligrams of lyophilized leaf tissue from each of the samples showing mosaic symptoms plus four positive and two negative controls were used for analysis following the protocol described by Clark & Adams (1977 
RT-PCR and electrophoresis
Samples that reacted positively in the DAS-ELISA were tested by Direct Binding-RT-PCR (Rowhani et al., 1995; Suehiro et al., 2005) using specific primers pairs for JGMV, MDMV-Argentina, SCMV-Argentina, and SCMV-Brazil ( BLASTN algorithm (Altschul et al., 1990 ) was used to search at NCBI sequence databases (www.ncbi.
nlm.nih.gov) in order to confirm sequence identities. 
Cloning and

Sequencing the dsDNA
The resulting 1 Kb PCR products were purified using the QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) and cloned into the vector TOPO 
Alignment of the nucleotide and amino acid coat protein sequences
From the NCBI on May 2011, we downloaded 347 DNA sequences of SCMV using the Taxonomy ID 12224. From those we selected 275 sequences that had the coat protein gene with a minimum length of 700 bp. These selected sequences were aligned with SeaView version 4.3.0 (Gouy et al., 2010) , using ClustalW2 (Larkin et al., 2007) . org/10.18512/1980-6477/rbms.v11n2p120-136 Revista 
Phylogenetic Reconstruction
Phylogenetic reconstruction from the CP nucleotide sequence was obtained using the alignment as described above. The tree was generated through SeaView package version 4 (Gouy et al., 2010) with the Neighbor-joining method using the Kimura 2-parameter model (Kimura, 1980) for distance estimation and bootstrap analyses with 1,000 replications. Cluster definitions were based on monophyletic groups from a fixed level indicated by the topology of the tree.
Results
Serological Tests
Serological tests of the samples with polyclonal antibodies against SrMV and MDMV-Arg did not show any reaction, except for its homologous virus controls. All the samples reacted with antibodies against SCMV (MDMV-B) and SCMV-Arg, but strongly reacted with the first one. Some of the samples (01, 02 and 06 from maize; 08 from sorghum)
showed a weak reaction with antibodies against SCMV-USA. These three samples from maize (01, 02
and 06) also presented a weak reaction with JGMV.
Only sample 06 reacted with the MDMV-A antibody.
Immunocapture
RT-PCR
Only the primers for SCMV-Brazil amplified a fragment of approximately 1 Kb. All the other primers only amplified the homologous virus controls (Table   1 ). Comparisons of the amplified sequence showed the same amplified fragment of the 1072 bp, comprising part of the NIb (nt 1 to 11), all the CP (nt 12 to 998), and a small part of the 3'UTR (nt 999 to 1072) previously related by Melo (2000) and Resende et al. (2004) . Comparison of the core region of the deduced amino acid coat protein sequence, residues from position 74 or 89 to the 3' termini, of the GenBank accessions, and Brazilian samples was highly conserved, with identity ranging from 94 to 99% among them.
Comparisons of the nucleotide sequence of the entire coat protein of the Brazilian samples showed identity ranging from 90 to 99% among them and from 85% to 91% in relation to the Brazilian maize isolate HQ342698, and from 90 to 96% for the isolates HQ439439 and HQ439440. The accessions SCMV-MDB D00949, A34976, and GU474635 had identities varying from 85 to 87% when compared with these Brazilian maize and sorghum field isolates.
The percentage of the dipeptide GT in the N-terminal ( Original host and country, when not available at GenBank, were obtained from the references. The length of the N-terminal used for calculation of the contents was from the amino acid position 1 (one) up to that immediately before the QRDKDV sequence in the core region. 
Phylogenetic analysis
For the phylogenetic reconstruction we used 281 sequences in total, which included 275 SCMV, selected from NCBI as described above, and six Cross-reactions occasionally occur between organisms taxonomically related as potyviruses (Berger et al., 2005) . Also, the RT-PCR analysis, with specific primers for SCMV, confirmed the presence of this virus in maize and sorghum in Brazil. SCMV potyviruses in maize have also been confirmed in Brazil in other studies (Melo, 2000; Resende et al., 2004; Souza et al., 2008; Gonçalves et al., 2011) . Shukla et al. (1992) mention that serological relationships among members of the family Potyviridiae are complex and inconsistent. However, the coat protein (CP) sequence of potyviruses can be used to differentiate between individual potyviruses and their strains (Shukla et al. 1992 ). According to the International Committee on Taxonomy of Viruses (ICTV), a CP aa sequence identity less than 80% is one of the molecular criteria for species demarcation in the genus (Berger et al., 2005) ; Also, et al. (2005) verified that 76-77% nt identity was the optimal species demarcation criterion for the CP and 82% aa identity would reliably distinguish between most species. The N-terminal of the CP of distinct potyviruses is highly variable, whereas the C-terminal is most conserved (Ward & Shukla, 1991) , suggesting that the N-terminal is involved in the virus-specific function or interaction of the virus with a host (Riechmann et al., 1992) . Correlations between SCMV phylogenetic groups and geographical origin were also found by Alegria et al. (2003) . In addition, an interesting pattern emerged from our phylogenetic analysis, apart from Group I, which is basal in relation to the other groups and is composed exclusively by SCMV sequences obtained from sugarcane; the other groups are composed of Our results showed the Brazilian maize and sorghum isolates forming a monophyletic group and these findings were in agreement with other studies using our sequences, already deposited in the GenBank (Ha et al., 2008; Xu et al., 2008; Gao et al., 2011) . These results suggest and reinforce our findings towards a new SCMV strain. Further, studies using potyvirus CP gene sequencing from Brazilian sorghum isolates have here been reported for the first time.
